INTRODUCTION
RNAs in cells are associated with RNA-binding proteins (RBPs) to form ribonucleoprotein (RNP) complexes (1). The RBPs influence the structure and interactions of the RNAs and play important roles in their splicing, polyadenylation, sequence editing, transport, mRNA stability, mRNA localization and translation (1, 2). Eukaryotic genes encode a large number of RBPs, each of which has unique RNA-binding activity and protein-protein interaction characteristics (1). The remarkable diversity of RBPs appears to have increased during evolution in parallel to the increase in the number of introns, and allows eukaryotic cells to utilize them in an enormous array of combinations giving rise to a unique RNP for each RNA (1, 3).
Dnd is an evolutionary conserved RNA-binding protein.
Based on the similarity in sequence and expression pattern, it is likely that Dnd plays a general role in germline-specific expression during embryogenesis in vertebrates from zebrafish to mammals (4-8). Previous study showed that knockdown of ZDnd blocked confinement of PGCs to the deep blastoderm shortly after their specification and resulted in the failure of PGCs to exhibit motile behavior and actively migrate thereafter, which eventually exhibited the morphological hallmarks of apoptotic cells (6). Inhibition of XDnd translation in Xenopus embryos caused a loss of PGCs at tadpole stages of development (4). Ter mutation of mouse Dnd results in germ cell loss and testicular germ cell tumors (TGCTs) (5). In human DND relates to the testicular germ cell tumors, which is the most common cancer in young men and has an unusually strong familial risk (9, 10).
All of these indicate the conserved role for Dnd in germline development in vertebrate. Martijn Kedde et al demonstrated that in human tumors cells and in PGCs of zebrafish, Dnd counteracted the function of several miRNAs by binding mRNAs through the uridine-rich regions (URRs) which the miRNAs also bind to and prohibited miRNAs from associating with their target sites (11).
In order to explore the biological functions of Dnd in Zebrafish embryo, we identified its target mRNAs and binding sites. The results showed that 8 mRNAs were bound by ZDND protein with the technique of SNAAP, further confirmed by RT-PCR analysis. The binding site of geminin was identified by EMSA and the Dual-luciferase assay was used to testify whether the ZDND increase the expression of geminin.
RESULTS AND DISCUSSION

Identification of the target mRNAs of ZDND protein by SANNP technique
The Dnd gene is required for PGC survival and migration in zebrafish (6). As an RNA-binding protein, ZDND is predicted to regulate a series of genes that are essential for those processes. In order to explore the function of ZDnd, the SNAAP technique was used to identify the target mRNAs of ZDnd. Because the target mRNAs of many RBPs have not been identified and different RBPs may bind the same target http://bmbreports.org BMB reports mRNAs, GST protein was used as a control. In order to provide the natural circumstances of competitor proteins and increase the binding specificity of the protein-mRNA, the total embryo extract was chosen to enable the identification of true mRNA substrates (12). As a result, 13 target mRNAs were bound by GST-ZDnd protein (Table 1) .
To avoid false positive result of the SNAAP technique, RT-PCR was used to further confirm the target mRNA of ZDND protein. The result showed that all target genes could be amplified using the cDNA reverse transcribed from the embryos total RNA. 8 target genes, including ankrd16, atp5i, cdc42se1, coxI, hypothetical protein, elf2, tk1 and gmnn, were amplified using the RNA bound by GST-ZDND protein, indicating that all the target genes expressed in the embryo and ZDND could bind these 8 target mRNAs (Fig. 1) .
Geminin mRNA was bound by ZDND protein via 3'UTR sequence
Although the approaches used above enable identification of mRNAs which were bound by ZDND, the binding sites of these mRNAs remained unknown. Of the 8 target mRNAs, geminin was chosen for the further study. Geminin is a multifunctional protein, which takes part in the cell proliferation, embryogenesis and oncogenesis. Geminin inhibits DNA replication through association with Cdt1 to prevent the incorporasetion of MCM complex into prereplication complex (13). In addition, geminin interacts directly with Six3 and Hox homeodomain proteins during embryogenesis and inhibits their functions (14) . Geminin regulated the function of Hox through a transient association with the Hox repressive Polycomb complex (14, 15) . Meanwhile, depletion of geminin causes centrosome overduplication and mitotic defects (16). In contrast, overexpression of wild-type geminin in cancer cells in culture did not produce a cell cycle block (17).
In addition, as shown in (Fig. 1E, F) , the HEK293 cells were transfected with PVAX1-ZDnd and PVAX1-LUC-3'UTR as experimental group, and the HEK293 cells transfected with only PVAX1-LUC-3'UTR were served as the negative control. The cells were collected at 24 h, 48 h and 72 h. And then, RT-PCR was used to check the expression of mRNA, and the dual-luciferase assay was used to check the activity of luciferase, respectively. The results indicated that the expression of mRNA and the activity of luciferase in experimental group are higher than the negative control, showing that ZDnd can impact the expression of geminin.
In our study, we used 8-cell-stage embryo to prepare the total embryo extraction. Our result of the whole-mount in situ hybridization indicates that geminin is non-specifically expressed in the animal pole in the zebrafish embryo at the 4-cell, 8-cell, 1k-cell and the sphere stage (Fig. 2) , and at these stages ZDnd is also expressed in the animal pole (6), suggesting that ZDnd may be involved in the regulation of geminin.
To address how ZDnd regulate the expression of gemenin, the 5'UTR region, the coding sequences (CDS) and the 3'UTR region of the geminin have been transcribed in the presence of DIG-UTP. The labeled RNAs were subsequently incubated with GST-ZDND or the control GST. The copurified RNAs were isolated and resolved on a 1.5% agarose gel. As shown
